The aim of this process-oriented video-observation study is to explore how groups that perform differently differ in terms of the number, quality, and temporal variation of their content-level (knowledge co-construction) and meta-level (monitoring) activities. Five groups of teacher education students (n = 22) were observed throughout a 3-month course. Video recordings (33 hours) of face-to-face group interaction (n = 12,931 speech turns) and pre-and post-tests of students' knowledge were collected. The results show that the well-performing group was more engaged in high-level knowledge co-construction and monitoring activities. The well-performing group was also capable of maintaining a higher level throughout the tasks, whereas the lower performing groups' knowledge co-construction and monitoring activities was reduced during the course.
more challenging than the strategies required for individual learning (Barron, 2003; Hämäläinen & Arvaja, 2009; Kirschner, Sweller, & Clark, 2006) . Effective collaborative learning requires groups to set goals and standards together, and to jointly monitor and evaluate their progress against these standards (Järvelä & Hadwin, 2013) .
Despite extensive research on collaborative learning over the last decade, there is relatively little observational and process-oriented research that combines the analysis of content-level and metalevel interactions (Volet, Summers, & Thurman, 2009; . These interactions include how student groups engage each other's thinking by asking content-related questions, providing explanations, and particularly by monitoring their own and others' developing understanding, interests, and task awareness, and group progress. The current study contributes to the growing corpus of process-oriented research by using a video study to evaluate and follow teacher education students' collaborative learning processes during a course of several collaborative learning tasks. More specifically, it develops the previous findings on collaborative learning by combining an analysis of content-level interaction (i.e., the number and level of questions and answers), and meta-level interaction (i.e., the number and focus of monitoring activities). It also makes use of the temporal variation between groups that are performing well, averagely, and weakly across learning situations in order to determine what makes a collaborative group more or less successful.
Content-level activities: asking thought-provoking questions and elaborating answers
Previous studies have shown that high-order thinking processes, such as asking complex questions and elaborating on answers, enhance individuals' learning outcomes (Veenman, Denessen, van den Akker, & van der Rijt, 2005) . Complex explanations are especially beneficial for learning (i.e., further evidence is provided and multiple concepts are integrated into the explanation) (Chinn, O'Donnell, & Jinks, 2000; Roscoe & Chi, 2008) . Several reasons have been suggested as to why such interactions may benefit participants during these interactions. First, explicating their own ideas to others requires students to monitor their own thinking; they must transform their own knowledge into a communicative form that is relevant, coherent, and complete so that others may attempt to understand it (Baker, 2002) . During this process, students may recognize their own incompleteness or any misconceptions in their ideas more easily than they would when learning individually (Miyake, 1986; Shirouzu, Miyake, & Masukawa, 2002) . Second, listening to others' ideas offers the students opportunities to monitor their own thinking and recognize possible gaps in their understanding. Third, having one's own ideas challenged and being asked for justifications may encourage students to seek new information, develop new ideas, and build new connections between pieces of information (Chi, 2009; Wittrock, 1989) .
Elaborating on one's own thinking and engaging with other people's ideas at a high level are central to many researchers' perspectives on productive small-group interaction (e.g. Barron, 2003; Volet et al., 2009; Webb, Troper, & Fall, 1995) . Barron's (2003) study explored the interaction processes of successful and less successful groups in detail. Differences in performance between the groups were found in relation to the ways in which students proposed ideas, acknowledged each other's ideas, and elaborated on ideas proposed by others. Successful groups were more open to the contributions of all the group members, whereas less successful groups rejected the proposed solutions at critical moments (Barron, 2003) . Additionally, in our previous studies we have explored how students' approach to their own and other people's ideas contributes to successful collaborative interaction (Näykki & Järvelä, 2008) and we have also identified unsuccessful collaborative interactions, where students ignore, overrule, or undermine others' contributions, and the negative effects of these interactions on the group's learning process and outcomes (Näykki, Järvelä, Kirschner, & Järvenoja, 2014) .
Meta-level activities: monitoring evolving understanding Järvelä and Hadwin (2013) highlighted that research into successful collaborative learning needs to be extended to target meta-level regulation processes within group interactions. To succeed in collaborative learning, students are required to engage in shared meta-level activities; that is, to go beyond an individual awareness of the knowledge gaps and to engage in monitoring each other's evolving content understanding (Lee, O'Donnell, & Rogat, 2014; Leinonen, Järvelä, & Häkkinen, 2005) . The role of meta-level activities in small groups is to coordinate, structure, and regulate the cognitive and motivational processes of the group members (Baker et al., 1999; Hogan, 2001; Winne, Hadwin, & Perry, 2013) . These mutual regulation activities that take place in groups have recently been referred to as a socially shared regulation of learning (Hadwin, Järvelä, & Miller, 2011) . In other words, in successful groups, learners use a repertoire of appropriate cognitive activities to attain their learning goals, and use metacognitive activities to control and monitor their learning (e.g. Goos, Galbraith, & Renshaw, 2002; DiDonato, 2013; Khosa & Volet, 2014; Rogat & Linnenbrink-Garcia, 2011) . Monitoring involves evaluating and judging one's understanding and progress during the task. As follows, students may check their understanding of the content and skills required for successful engagement in a group activity. This type of regulating the group's content understanding during a shared task refers to coordinating or negotiating each other's cognitive and metacognitive processes linked to content (Salonen, Vauras, & Efklides, 2005) . Students can also monitor their progress toward task goals, and the assigned time for the task. Finally, once the task has been completed, effective regulators also reflect back and evaluate on their content understanding and task performance. Thus, group members plan the group's activities, monitor its actions, and evaluate and reflect on its learning.
Previous studies have shown that in collaborative problem-solving activities, groups where members monitor their own and their peers' learning and thinking processes seem to have an advantage over groups where members do not (Goos et al., 2002; Hurme, Palonen, & Järvelä, 2006; Iiskala, Vauras, Lehtinen, & Salonen, 2011; Lee et al., 2014) . For example, Roscoe and Chi (2008) evaluated events where explaining one's own understanding by using metacognitive statements such as "I didn't understand this before" was useful for making new connections and building understanding at the group level. In other words, meta-level statements activated longer episodes of active knowledge co-construction. In a similar manner, Volet et al. (2009) explored what activated and sustained high-level regulation episodes within collaborative learning. Their findings indicated processes such as asking questions and tentativeness in explaining as meaningful activities for the group learning process. Furthermore, recent findings from Lee et al.' (2014) study indicate that the cognitive regulatory sub-process that enacted most frequently within collaborative interaction was content monitoring and that content monitoring can play a key role in the high quality joint activity.
Overall, previous findings indicate the value of locating meta-level events within group interaction as well as evaluating the transactional and intertwined role of such activities at the cognitive, motivational, and social level (Rogat & Linnenbrink-Garcia, 2011; Volet & Summers, 2013) . In other words, what kinds of effects do meta-level activities have on ongoing group interactions (see also Iiskala et al., 2011; Lee et al., 2014; Volet, Vauras, Khosa, & Iiskala, 2013) ?
Variations in time and quality in monitoring activities during collaborative learning
The small group as a learning context is dynamic and constantly evolving; every new contribution is a result of a previous discussion or decision, which affords the group members new possibilities in terms of remaining involved, becoming involved, or withdrawing from the group and its activities (Mercer, 2008; Näykki et al., 2014) . This kind of process-oriented focus in collaborative learning implies the need for the analysis of temporal differences within group activities (Molenaar & Järvelä, 2014) . Reimann (2009) states that group learning unfolds over time, it is dependent on the groups' previous actions, and it is cumulative in that current knowledge influences future knowledge, nature of content-and meta-level (monitoring) activities as a part of the groups' developmental process are essential for understanding group learning processes (Järvelä, Järvenoja, & Näykki, 2013) .
The temporal perspective can highlight differences at different points in time during group interaction (Reimann, 2009) . In practice, the temporal perspective implies two points of view. First, some activities are needed and used more often at certain points in a group's learning process (e.g. some activities are precursors of others, while some activities follow naturally from others). Second, when learning proceeds, groups become more capable of undertaking some activities more often (e.g. as the group members learn certain processes that were difficult before, these new processes become easier and/or even necessary) (Arrow, Poole, Henry, Wheelan, & Moreland, 2004) . Previous studies have suggested the importance of the early stages of group activities. For example Kapur, Voiklis, and Kinzer (2008) examined the temporal patterns of problem-solving groups and emphasized the fact that there are high levels of sensitivity in early exchanges within groups. They noticed that group performance could be predicted based on the earlier phases of group discussion. In addition, Fransen, Weinberger, and Kirschner (2013) found that building a shared understanding of the characteristics of the tasks and the group's abilities in the early stages of group work were conditional factors required for group success. Thus previous studies highlight the importance of characterizing how collaboration evolves over time and across multiple learning situations.
Aim
The aim of this study is to investigate content-level and meta-level monitoring activities within differently performing groups. The specific research questions are: (1) How do differently performing groups engage in knowledge co-construction activities during collaborative learning? (1.1) How do knowledge co-construction activities vary temporally in differently performing groups? (2) How do differently performing groups engage in monitoring activities during collaborative learning? (2.1) How do monitoring activities vary temporally in differently performing groups?
Methods

Participants and the research setting
The participants were 22 adult students on an educational science master's program at a Finnish university (17 women and 5 men; M age = 39 years; SD = 11.2, range = 23-55). The prevalence of women reflects the gender ratio of education students at the university. All of the students had previously obtained a bachelor's degree in education, and had teaching and/or administrative work experience (for example as a kindergarten teacher, kindergarten principal, primary school teacher, or adult educator). The master's program that the students were enrolled in employs a broad range of different kinds of group learning activities. Therefore, it can be assumed that all of the participating students had prior experience of group working. In this research setting, this existing knowledge and experience was not measured. However, the students' existing content knowledge was measured with a pretest, and it was used also to form homogenous groups. Groups were formed so that the gender ratio (one male in each group) and the level of existing knowledge (based on the pre-test outcomes) were equally distributed between the groups.
The task
The students participated in a compulsory 12-week course entitled "Future scenarios and technologies in learning." The overall aim of the course was to engage students in learning activities that would inspire them to implement new teaching practices in their own teaching work. The contents of the course included theoretical and pedagogical orientation to the technology-enhanced learning.
The participants worked in groups of four to five students on assigned tasks. Following the approach of progressive inquiry (Hakkarainen, 2003) , the learning activities in the course were organized in a cyclical model that emphasized shared expertise and collaborative work for knowledge building and inquiry. This was done by setting the context, and using questions, explanations, theories, and scientific information in the cycle of deepening inquiry. The course structure included recurrent classroom, solo, and collaborative phases mediated by the use of social media services ( Figure 1 ).
The course consisted of six lectures, and the main ideas of each lecture were discussed in collaborative learning sessions (which were the focus of this study's data collection). The face-to-face collaborative sessions always followed the same structure. In practice, groups were first asked to formulate the main ideas of the lecture and decide on one topic to serve as the basis for further group work. In the next phase, groups were advised to set their own learning objectives and to undertake an experiment with pictorial knowledge representations using smartphones (Näykki & Järvelä, 2008) , weblogs, and wikis (Laru, Näykki, & Järvelä, 2012 , 2015 .
The different phases of the pedagogical design are: (1) Lecture. In the first phase of the course design, the students attended a series of introductory lectures on the topics in question. The aim of the lectures was to introduce the different course topics (six themes) to the students and to support their conceptual grounding and theoretical understanding. The themes were: learning infrastructures, learning communities, metacognition, self-regulated learning, learning design, and the social web as a learning environment. (2) Face-to-face group work. After each introductory lecture, the students worked in face-to-face groups (six meetings). The aim of this was to discuss the main approaches of the lecture and to formulate a working problem for the group, to be continued in subsequent phases. The groups were advised to set their own learning objectives and to undertake an experiment with pictorial knowledge representations using smartphones, blogs, and wikis. (3) Individual blog work (after every face-to-face session, with six topics). Students were asked to evaluate their everyday environment to find real-life examples and case scenarios to illustrate their ideas related to their group's problem. Within this phase, the idea of pictorial knowledge representation was implemented; the students used their individual blog learning environment to share their pictorial knowledge representations of and theoretical ideas on the topic. (4) Face-to-face group work (two meetings). The aim of the group work (in the middle and at the end of the course) was to evaluate the previous work phases (three topics at a time) and to share ideas from their individual blog work. Students were asked to negotiate and choose the best examples from their pictorial knowledge representations to illustrate their group's shared ideas, which were then used as the basis for their shared wiki work in the subsequent phase. (5) Group wiki work (after the first blog work). The aim of this last phase of the design was to coconstruct a shared wiki for the group. In this phase, the students were asked to use their material (ideas and pictorial knowledge representations) from the previous phases and to generate new ideas and understanding when creating the wiki. The group wikis functioned as shared group products, which were presented to the whole class at the end of the course. The assignment required students to not only learn and apply content knowledge, but also to generate their own learning objectives and determine what information to include in their final presentations.
Data collection and analysis
The data for this study is composed of video-recorded face-to-face collaborative sessions and preand post-tests of student knowledge. The video recording captured the six collaborative learning sessions from each group (1980 minutes of video data). The duration of the sessions was determined by the group; the average duration of each session was 44 minutes.
To assess individual knowledge, the students completed identical paper-and-pencil pre-and posttests. The tests consisted of six constructed-response questions based on the key concepts of the course. Students were asked to write answers to the following questions: (1) What is learning infrastructure? (2) What are learning communities? (3) What is meant by metacognition? (4) What is meant by self-regulated learning? (5) What is learning design? and (6) How can social media be used as a learning environment? This meant that each question was also connected to the specific lectures and its associated collaborative task, and thus it was used to measure the students' learning outcomes for a particular task. The outcomes of the tests were used to characterize groups as performing well, averagely, or weakly.
Phase 1. Analysis of the knowledge test: defining differently performing students
The purpose of the first phase of the data analysis was to identify students' performance based on their individual knowledge tests. Three independent researchers (including the first author) developed the criteria and marked students' answers to all six questions in the knowledge tests (minimum score = 0, maximum score = 3 per question, resulting in a maximum of 18 points; Table 1 ). Initially, the researchers marked the tests independently, then they compared the results and calculated the proportional agreement (%) as reliability indices. The pre-test coding agreement between all three of the coders was 73.5% and the post-test agreement was 65.9%. Possible differences were negotiated until a consensus was reached. In general, the outcomes of the individual knowledge tests show that students scored higher on the post-test (M = 7.95) than on the pre-test (M = 3.95) (t[22] = 8.33, p <.01). The effect size (Cohen's d) was 1.69. This indicates that the students' understanding of the main concepts increased during the course.
The groups' learning gain was defined by first calculating a learning gain for each student (range: 0-8, gain score = ∑ post-test scores-∑ pre-test scores). Next, the mean of all the gain scores was calculated (M Gain = 4.23). Based on the M Gain , the students were divided into good (gain score > 5), average (3 ≤ gain score ≤ 5), and weak performers (gain score < 3). The difference between the learning gain scores was further weighted by multiplying the good performers' gain by three, the average performers' gain by two, and the weak performers' gain by one. Finally, the groups' learning gain was calculated (group learning gain = ∑ group members' weighted learning gain/number of the group members) to indicate the groups' performance (Table 2) . Based on this analysis, Group E (M gain = 14.25) is defined as a well-performing group, groups C (M gain = 11.25) and D (M gain = 10.5) as averagely-performing groups, and groups A (M gain = 8.4) and B (M gain = 8.2) as weakly-performing groups.
Phase 2. Group-level analysis: exploring knowledge co-construction activities
The second analysis phase was based on identifying the level of knowledge co-construction within each group; that is, analyzing the groups' processes for asking questions and providing answers. This was done to evaluate whether there were process differences between groups in addition to the above-described individual (and calculated group-level) outcome differences. The transcribed video data of all of the groups' face-to-face learning situations (33 hours, 12,931 speech turns) were analyzed through qualitative content analysis (Chi, 1997; Krippendorf, 2004) to capture what every member of each group was doing at a particular time. First, all of the content-related questions and answers were detected. These included only those interactions in which the group members were sharing or questioning content information. In practice, all of the speech turns where group members were asking questions or providing answers related to the task progress or off-task activities were excluded from the analysis. Second, the levels of questions and answers were evaluated and speech turns were divided into either high-, average-, or lowlevel categories. Coding rules and analysis examples are presented in Table 3 .
Two researchers developed criteria and marked the levels of questions and answers. The first researcher independently coded the speech turns, then the other researcher coded for 10% of the data. Reliability analysis was used to refine the coding scheme and ensure reliability of the analysis. Both researchers responsible for the reliability coding participated in the refinement of the coding system and, while coding, were blind to the performance of the students (individuals and groups). The intercoder reliability was .700 (Cohen's kappa) for the question category and .729 (Cohen's kappa) for the answer category.
Phase 3. Group-level analysis: exploring monitoring activities
The third phase in the analysis explored what kinds of monitoring activities different groups used. The data-driven coding categories and overall coding protocol were developed in three phases. First, prior to viewing the videotapes, a list of preliminary areas of interest was developed according to the stated research questions. Second, the coding protocol was developed and elaborated on further after viewing the videotapes and reading the transcribed group discussions. Third, the final coding categories were formulated and tested several times. This involved the reorganization and renaming of categories, as well as the specification of sub-codes and providing examples of the specified categories. The final version of the data-driven coding protocol included the following four categories: monitoring task understanding, monitoring task progress, monitoring content understanding, and monitoring task interests. The coding rules and examples of the analysis are presented in Table 4 . Within this analysis phase, the qualitatively analyzed interaction data was quantified to detect the possible differences between groups (Chi, 1997; Strijbos, Martens, Prins, & Jochems, 2006) . The reliability of the coding was ensured by selecting 10% of the speech turns to be classified by the independent coder. The speech turns were randomly selected so that all categories (different types of monitoring activities) were represented in the selected data. Both researchers responsible for the reliability coding participated in the refinement of the coding system and, while coding, were blind to the performance of the students (individuals and groups). Reliability analysis was used to refine the coding scheme and the analysis. The overall intercoder reliability was .741 (Cohen's kappa).
Results
The 30 face-to-face situations were analyzed in order to explore the differently performing groups' number, quality, and temporal variations in knowledge co-construction activities (content-related questions and answers) and monitoring activities (monitoring content understanding, monitoring task understanding, monitoring task interests, and monitoring task progress). How do differently performing groups engage in knowledge co-construction activities during collaborative learning? (RQ 1)
The results from the group-level content analysis show that the groups differ in terms of the quality of their knowledge co-construction. In practice, the quality of each groups' knowledge co-construction was determined by evaluating the number and the level of content-related questions and answers (high, average, and low). The number of content-related questions and answers for each group is summarized in Table 5. A Kruskall-Wallis H-test showed that there was a significant difference between the groups in the number of high-level questions (H [4] = 13.89, p < .01), with a mean rank of 23.17 for Group E (the well-performing group), 16.83 for Group A (a weakly-performing group), 12.50 for groups B (a weakly-performing group), C (an averagely-performing group) and D (an averagely-performing group). A pairwise comparison (post-hoc test) showed significant differences between groups E (a well-performing group) B, C, and D (p < .01). The effect size for all three significant pairwise differences (calculated based on the Mann-Whitney U-test z value) is r = −0.66. A Kruskall-Wallis H-test also showed a significant difference between the groups in the number of average level questions (H [4] = 13.87, p < .01), with a mean rank of 24.25 for Group E (a well-performing group), 19.88 for Group A (a weakly-performing group), 13.50 for Group B (a weakly-performing group), 11.50 for Group D (an averagely-performing group), and 8.50 for Group C (an averagely-performing group). A pairwise comparison (post-hoc test) showed a significant difference between Group E and Group C (p < .01). The effect size for the significant pairwise difference is r = −0.86. Finally, a Kruskall-Wallis H-test also showed a difference between the groups in the number of low-level questions (H [4] = 12.72, p < .01), with a mean rank of 21.92 for Group A (a weakly-performing group), 21.67 for Group E (a well-performing group), 15.75 for Group B (a weakly-performing group), 9.92 for Group C (an averagely-performing group), and 8.25 for Group D (an averagely-performing group). However, a pairwise comparison did not reveal any significant differences between the groups.
A Kruskall-Wallis H-test showed that there was a significant difference between the groups in the number of high-level answers (H [4] = 14.56, p < .01), with a mean rank of 23.50 for Group E (a wellperforming group), 18.50 for Group A (a weakly-performing group), 16.50 for Group B (a weaklyperforming group), and 9.50 for groups C and D (an averagely-performing groups). A pairwise comparison (post-hoc test) showed significant differences between groups E (a well-performing group), C, and D (p < .01). The effect size for both significant pairwise differences (calculated based on the Mann-Whitney U-test z value) is r = −0.77. A Kruskall-Wallis H-test also showed a significant difference between the groups in the number of average-level answers (H [4] = 18.45, p < .01), with a mean rank of 27.33 for Group E (a well-performing group), 19.17 for Group A (a weakly-performing group), 11.33 for Group B (a weakly-performing group), 9.75 for Group C (an averagely-performing group), and 9.92 for Group D (an averagely-performing group). A pairwise comparison (post-hoc test) showed significant differences between Group E and Group B (p < .01), Group E and Group C (p < .01), and Group E and Group D (p < .01). The effect size for all three significant pairwise differences is r = -0.83. There were no significant differences in the number of low-level answers between the groups. How do knowledge co-construction activities vary temporally in differently performing groups? (RQ 1.1)
The different collaborative tasks were evaluated in more detail in order to evaluate the temporal variation in knowledge co-construction activities (content-related questions and answers) in well-, averagely-, and weakly-performing groups. This revealed situational differences in the activities.
The results show that all the groups had a variation between the tasks in terms of the number and the level of questions (high, average, low). However, throughout the course, well-performing Group E operated at a higher level than the other groups. In particular, the difference between the groups was visible at the beginning and at the end of the course. In terms of asking contentrelated questions, well-performing Group E was the most active during the tasks (Tasks 1, 4, 5, and 6). Weakly-performing Group B's and averagely-performing Group C and D's number of questions for the first (Task 1) and last tasks (Tasks 5 and 6) are the lowest among the groups. However, during Task 2 the difference was not significant and, actually, in Task 3, weakly-performing Group B was more active than well-performing Group E in terms of asking questions. However, after the third task, the number of content-related questions Group B asked dropped, and during the final tasks, there were only a few content questions in their interactions. Contrary to this, well-performing Group E was the only group that managed to keep their level of on-task working high to the end and asked content-related questions more often than the other groups did (Figure 2 ). The analysis of content-related answers from different tasks follows the same trend that was visible in the analysis of the content-related questions above, in that all of the groups showed variance between the tasks in terms of quality as well as the number of answers given. However, there were apparent differences between well-performing Group E and the other groups. The differences between the groups is particularly visible at the beginning and at the end of the course. In terms of providing content-related answers, well-performing Group E was the most active during Tasks 1, 2, 4, 5, and 6. This is a similar finding to the number of questions. In the first task, the well-performing group provided answers more often ( f = 129) than the weakly-performing group did (f = 21). In the second task, the difference was not so great and, actually, in the third task, weakly-performing Group B was more active (f = 118) than the well-performing group ( f = 84). In the final tasks, the well-performing group was again more able to keep their content-related discussion at a high level by providing answers more often, whereas the weakly-and averagelyperforming groups' number of content-related answers dropped (Figure 3 ). How do differently performing groups engage in monitoring activities during collaborative learning? (RQ 2)
The results from the group-level content analysis show that all of the groups monitor their group processes by monitoring their content understanding, task understanding, task progress, and task interests. The number of monitoring activities for each group is summarized in Table 6 . A Kruskall-Wallis H-test shows that there was a significant difference between the groups in the number of monitoring content understanding (H [4] = 11.15, p < .05), with a mean rank of 23.58 for Group E (a well-performing group), 19.50 for Group A (a weakly-performing group), 13.58 for Group C (an averagely-performing group), 12.08 for Group D (an averagely-performing group), and 8.75 for Group B (a weakly-performing group). A pairwise comparison (post-hoc test) showed significant differences between Group E (a well-performing group) and Group B (p < .01). The effect size for the significant pairwise difference (calculated based on the Mann-Whitney U-test z value) is r = -.71. There were no significant differences between the number of events for monitoring task progress, monitoring task understanding, and monitoring task interests between the groups.
How do monitoring activities vary temporally in differently performing groups? (RQ 2.1)
To evaluate the temporal variation in monitoring content understanding in well-, averagely-, and weakly-performing groups, the different collaborative tasks were evaluated in more detail, revealing situational differences in the activities (Figure 4) . The results show that all groups had a variation between the tasks in terms of monitoring understanding. However, throughout the course, well-performing Group E operated at a higher and more stable level than the other groups. In particular, the difference between the groups is visible at the beginning of the tasks. At the start of the tasks (Task 1), the most active group in monitoring understanding was Group A. However, its monitoring activities dropped during the next tasks (Tasks 2 and 3), whereas Group E continued to monitor their group members' content understanding throughout the tasks (Tasks 2, 3, 4, and 6). Weakly-performing Group B was one of the most active at monitoring content understanding during Task 3, but was inactive in all the other tasks. Overall, weakly-performing Group B used the lowest number of content monitoring activities and, significantly, this group did not start its content monitoring activities until the third task, whereas well-performing Group E was one of the most active in monitoring their group members' content understanding from the beginning to the end of the group work.
Discussion
This study explored the numerical, quality, and temporal variations in knowledge co-construction and monitoring activities in differently performing groups. To summarize, the results for the knowledge co-construction processes as well as their temporal variation indicate differences between groups. The results confirm that Group E was well-performing in terms of quality and the number of knowledge co-construction activities. That is, even though all the groups showed variations in their collaborative processes, well-performing Group E was more capable of maintaining a high level of content processing throughout the tasks. Furthermore, this well-performing group was able to monitor their content understanding throughout their group activities more effectively than the other groups did. One interesting finding in this study was that the weak performing Group B was exceptionally active in their content-level interaction and also their meta-level monitoring activities during the third task. However, to ponder the possible reasons for their active mode of interaction is above the focus of this article, but it certainly requires further study to find out possible situational explanations for this group's change of activity.
In general, these results are in line with previous findings that suggest that high-level cognitive processing, such as asking complex questions, elaborating on answers, and monitoring an evolving understanding, is beneficial for collaborative learning (e.g. Chinn et al., 2000; Roscoe & Chi, 2008; Veenman et al., 2005) . However, this study also extends previous findings by pointing to the possible connection between meta-level monitoring activities and content-level activities and learning outcomes by emphasizing the different focus of monitoring activities within differently performing groups and explicating temporal differences within groups' monitoring. Monitoring content understanding has previously been recognized as a necessity for the effective development of a shared understanding during collaborative learning (e.g. Goos et al., 2002; Mäki-talo-Siegl, 2008) . Additionally, the results of this study show that during collaborative learning, groups in which participants monitor their own and their peers' content understanding throughout the tasks have an advantage over groups who do not. The results also point out how groups differed in their focus on monitoring activities. It can be concluded that in addition to monitoring the development of their individual content understanding, in successful collaborative learning, group members are actively involved in monitoring each other's task understanding, task progress, and task interests.
Earlier studies have often used self-reporting and other "static" measurements, resulting in a lack of solid empirical evidence of what actually happens within a group ) and how interaction unfolds over time and affords different kinds of opportunities for group members to engage in group activities (Barron, 2003; Näykki, et al., 2014) . The use of video observations and analyzing real-time interactions in this study provides an extension by targeting the content-level and meta-level interaction and following it across several tasks to make effective collaborative learning processes visible. In this study, analyses of the video recordings enriched the understanding of group interaction as a moment-by-moment process (Barron, Pea, & Engle, 2013) . The indicators of effective collaborative learning were detected based on the group's interaction and calculated group-level outcome measures. The results indicate possible reasons for success, but generalizable information and causal relations are not assured. This type of process-oriented methodological approach can, however, fill a gap in the research on content-level and meta-level processes in collaborative learning and provide an explanation of how learning situations develop in interactions between group members Khosa & Volet, 2014; Salonen et al., 2005) .
We can conclude that the advantages of the in-depth interaction analysis can be seen in evaluating how interaction emerge and how group members' contributions are contingent on others in the group. However, more analysis is needed to understand what constitutes success in collaborative learning and to comprehend the qualitative differences of monitoring activities. For example, further studies could follow Rogat and Linnenbrink-Garcia (2011) approach to differentiate high-quality and low-quality content monitoring activities. According to their study (Rogat & Linnenbrink-Garcia, 2011 ) a key element of high-level content monitoring was the focus on ensuring group member's understanding of the content. Accordingly, high-quality content monitoring often occurred when group members jointly examined their task responses to evaluate content contributions and if their understandings could be further elaborated, corrected, or improved. Low-quality content monitoring was observed when members of the group were primarily focused on monitoring for the right answer, rather than ensuring conceptual understanding of the group members. Furthermore, a second pattern of low-quality content monitoring was evident in that not all group members were considered equal contributors to the process of group monitoring. For instance, certain individual's monitoring efforts were ignored by the group or a particular group members' incomplete or inaccurate understanding was not scaffolded. Another pattern of low-quality content monitoring was when monitoring was especially critical or harsh. The harsh nature of the monitoring made it challenging for the group member to be responsive and negotiate a shared understanding of the content. These examples highlight the further need to look more closely at the differences between group members in terms of the focus and trigger for monitoring; that is, the ways monitoring is enacted but also when and how monitoring is followed by controlling activities. In addition to observational data, group members' own explanations of why and how they engage in monitoring activities can also offer important input for understanding group processes in details (Winne et al., 2013) .
According to Son and Schwartz (2002) , merely monitoring one's learning does not have significant effect on learning performance. The difference is made when both regulation functions are involved; monitoring is followed with appropriate controlling. It is known from earlier studies on collaborative learning that how group members listen, share perspectives, and build on others ideas can make the difference in learning success (Barron, 2003; Chinn et al., 2000; Hogan et al., 1999; Näykki & Järvelä, 2008; Miyake, 1986; Webb et al., 1995) . In a similar manner, meta-level monitoring and controlling activities, and particularly their situational specific functionalities, can make a difference in groups' performance (Lee et al., 2014; Khosa & Volet, 2014; Rogat & Linnenbrink-Garcia, 2011; Volet et al., 2009) .
The temporal difference between groups' monitoring activities over time, particularly at the beginning and the end of the course, requires further exploration. One of the key idea in exploring successful collaborative learning is to identify how groups progress during their tasks and study courses. There is an apparent lack of studies evaluating the regulation processes in collaborative learning situations that would characterize, for example, a progress or development of skills to regulate learning together as a group.
Furthermore, the findings of this study have practical implications for the design of student group learning in higher education. As monitoring makes a difference for successful collaborative interaction, it needs to be supported and trained. A better quality of collaborative learning processes and outcomes could be reached by learning environment that provides instructional scaffolding for monitoring activities and offers opportunities for students to practice and receive feedback about their learning.
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